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Abstract 
Abstract — The removal of mercury from entering process area is the key to safeguard aluminum brazed heat exchanger and other critical 
equipment in the ethylene production plant from Liquid Metal Embrittlement (LME) and amalgam corrosion. Sulphur Impregnated Activated 
Carbon (SIAC) is the proven technology for mercury removal. However, currently there is no specific study conducted at fluctuating ethane 
feedstock to monitor its functionality and performance. This study is conducted at a large scale of aging ethylene plant without Ethylene Buffer 
Storage Tank (EBST) which results in fluctuating feedstock upstream of mercury removal vessel. Number of experiments and data gathering 
were done by observing current mercury level at various process stream to determine its performance before and after installation. Analysis 
performed at mercury removal vessel’s outlet indicates consistent decrease in adsorption capacity with an increase of temperature. The fluctuation 
of ethane feedstock from 35,000 kg/hr to 71,000 kg/hr also results in less adsorption efficiency of SIAC. 
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1. Introduction 
A large scale ethylene plant with ethane based feedstock is made a benchmark for the study. This 21 years old plant is designed 
with feedstock capacity of 75,000 kg/hr with operated temperature and pressure of 40°C and 7 Barg respectively. Table 1 shows 
the feedstock composition at upstream of Mercury Removal Unit (MRU) while Figure 1 shows process flow diagram of the studied 
plant before installation of MRU. MRU was installed in December 2014, upstream of process area to remove mercury concentration 
into plant area to <0.01 μg/m3. 
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         Table 1. Feedstock composition at studied ethylene plant. 
Feed Composition (mol %) 
Ethane 92.99 
Carbon Dioxide 3.00 
Methane 2.00 
Propane 2.00 
Hydrogen Sulphide 0.01 
 
 
 
Fig. 1. Process Flow Diagram of studied ethylene plant 
 
Analysis on samples collected in process area confirmed the presence of mercury in the process stream. Level of mercury 
detected varies for each point. Data gathered from the study indicates mercury level in the gas is far below the permissible exposure 
level (PEL) for elemental mercury vapour which is currently set at 0.025 mg/m3 or 25 μg/m3. However, result of potential over 
PEL exposure is expected to occur due to amalgamation and accumulation effect which normally occurs during maintenance related 
activities which results to hydrocarbon release from the system. This is manifested by elemental mercury droplets discoveries and 
high vapour detection during maintenance time.  
 
Mercury is the leading concern among the air toxic metal [1] due to its volatility, bioaccumulation and health impact to human 
being [2-4]. Process plants with brazed aluminium heat exchangers, including liquefied natural gas (LNG) facilities and nitrogen 
rejection units, are particularly susceptible to corrosive attack by mercury [5]. The mercury contents in early days for natural gas 
varies greatly from 0.04 ppb to several hundred ppb [6]. However, recent study by UOP reported that mercury level in natural gas 
now has a range from less than 1ppb to 120ppb of gas [7]. 
 
Mercury is emitted in two major forms: elemental mercury (Hg°) and oxidized mercury (Hg+ or Hg2+ combined with other 
elements such as Cl and O) [8,9]. However, control of elemental mercury emission is more difficult due to its high volatility and 
low solubility [10,11]. It is believed that different concentration of Hg in all over the world depends on its geographical location. 
Table 2 shows the estimation of mercury level in natural gas and condensate worldwide. 
 Table 2. Estimation of mercury level in natural gas and condensate worldwide [12,13]. 
Feed Concentration 
Gas (μg/m3) Liquid (μg/L) 
Europe 100 – 150 - 
South America 50 – 120 50 – 100 
Gulf of Thailand 100 – 400 400 – 1200 
Africa 80 – 100 500 – 1000 
Gulf of Mexico 0.02 – 0.4 - 
Overthrust Belt (USA) 5 – 15 1 – 5 
North Africa 50 – 80 20 – 50 
Malaysia 1 – 200 10 – 100 
Indonesia 200 - 300 10 - 500 
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It has been reported that Sulphur Impregnated Activated Carbon (SIAC) performed better than other non-carbon materials as a 
mercury removing sorbent [14-16]. In the cases of sulfur containing sorbents, Hg is captured as HgS. However, silver and sulphur 
containing sorbent are only capable of absorbing elemental mercury. A primary or pre-processing stage is needed in order to 
remove compounded mercury, e.g. organomercury species [5]. 
 
Carbon based adsorption process has potential to remove elemental and oxidized mercury species at a very low concentration 
that exists in flue gas streams generated [17-19]. Various studies conducted to see impacts of few element impregnated with 
activated carbon towards mercury removal [20,21] as activated carbon impregnation is believed as one of the most effective and 
economical approach for mercury removal [14]. Previous studies also supported that activated carbon absorbance can be developed 
with larger mercury (Hg0 and HgCl2) adsorption capacities by impregnating the samples with sulphur [22-24] to make mercury 
removal more efficient. 
 
Adsorption by high surface area activated carbon is among the most promising technologies for mercury removal. Raw 
activated carbon on the other hand can be effective in removing mercury at high sorbent to mercury ratios [7][25,26]. Impregnation 
of functional groups, especially sulphur, can also significantly improve the adsorption capacity. Early phase of mercury removal 
studies reported that mercury adsorption capacity increases together with increment of sulphur content for up to 13% [27]. 
 
Based on metallurgy, mercury will lead to Liquid Metal Embrittlement (LME) for brazed aluminum based equipment, which 
in this case is the cold box installed in the studied plant. LME is responsible for numbers of aluminium heat exchanger failures of 
over 40 years where it caused crack initiation and propagation within such equipment, particularly in the proximity of a weld [28]. 
LME if not realized will lead to catastrophic failure and will result in loss of millions of dollars for rectification or replacement of 
current cold box. Prior to LME, amalgam corrosion, a self-generated process is also expected to occur as a result of mercury 
reaction between bare aluminum and water (moisture) in the studied ethylene plant. Upon occurrence, dissolution of aluminum 
from the structure will happen and crack will start to propagate prior to LME [29]. 
 
This study provides result of actual performance of SIAC at the processing plant which is having great feedstock fluctuation. 
Normal ethylene plant is equipped with Ethane Buffer Storage Tank (EBST) acts as a medium to improve reliability and 
performance via stable feedstock supply as olefin plant cannot bear high fluctuation frequency within. However, this aging plant 
which is already in operation for 21 years is yet to have EBST installed. There are many literatures of SIAC conducted at lab scale, 
but no report recorded for actual ethylene plant condition with huge ethane feedstock fluctuation. 
2. Methods and Equipment 
2.1. Equipment 
 
The newly installed MRU at ethane feedstock is using SIAC as adsorbent to regulate mercury concentration entering plant area 
from average of 0.2 μg/m3 to <0.01 μg/m3. The vessel is designed by Ranhill Worley and fabricated by ASTURI Metal Builders 
(M). SIAC used is HgA from SME Houston, Texas. The ethane feedstock will enter MRU from the top and will flow down through 
series of ceramic ball ½’ and ¼’ and 4mm extruded HgA SIAC. The feed leaving MRU outlet will go to amine treatment unit for 
removal of acid gas before being sent to downstream equipment as shown in Figure 1. 
 
Sampling of mercury will use two unit of double gold sand trap arranged in series for gas phase and normal Teflon coated 
sampling bomb for liquid phase. For analysis of both gas and liquid, NIC-SP3D Mercury Analyzer is used while Airborne mercury 
determination is conducted via Portable Mercury Analyzer EMP-1A. The published value of the absolute detection range for the 
Nippon Instrument Corporation (NIC) analyser EMP-1A used is between 0.001 mg/m3 to 5.000 mg/m3. This is equivalent to 1ppb 
range up to 5000ppb range or 5ppm. 
 
2.2. Methodology 
 
 Sampling and analysis was conducted before MRU installation to see actual mercury concentration mapping throughout this 
aging plant as a baseline study. After installation of MRU with SIAC in December 2014, the sampling and analysis continue bi-
weekly to see the trending of SIAC performance at MRU. 
 
All gas, condensate and water samples were collected and analysed at the laboratory with certificate of; MS ISO:IEC 17025 
SAMM No. 441. Analysis of total mercury for gas and liquid samples were done using NIC-SP3D Mercury Analyzer. This 
equipment adopts UOP938 method as standard and Atomic Absorption Spectrometer (AAS) as a detection system. In order to keep 
the matrix effect at minimum, the sample is analysed via double gold amalgation technique.  
 
Airborne mercury determination was conducted using NIC Portable Mercury Analyzer, EMP-1A. The analyzer was used to 
monitor the environment during sampling activities to ensure the PEL level is safe. The detection system used in NIC is based on 
AAS which gives more accurate and reliable results compared to the other portable mercury analyzer. 
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2.3. Sampling of gas sample 
Natural gas sampling method used is based on ASTM D 5954, Standard Test Method for Mercury Sampling and Analysis in 
Natural Gas by Atomic Absorption Spectroscopy (AAS). In this method, gold coated fused silica sand traps were used in series to 
trap all type of mercury compounds from natural gas for total mercury analysis. During the sampling, the gas (sample) was allowed 
to flow through the traps at a controlled flow rate of 0.5-1.0 L/min and a total of 10 L of sample volume was collected. In general, 
volume of sample collected is determined by the expected concentration of the mercury. Series of traps arrangement ensures more 
than 99% of the mercury are trapped. Diagram of the sampling is shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Sampling connection at MRU vessel 
2.4. Sampling for Liquid Samples (Crude, Water and Condensate) 
The sample was collected using normal Teflon coated sampling bomb technique. After releasing the pressure to ambient using 
Flash Method technique (the gas phase was flown through gold sand traps), the stabilized liquid was then collected in borosilicate 
bottle. 
2.5. Analysis Method 
Analysis of samples were conducted based on UOP 938-00 Standard Method – Total Mercury and Mercury Species in 
Hydrocarbon. This method outlined determination of total mercury in hydrocarbon using NIC Mercury Analyser. The samples are 
decomposed in the instrument into gas phase via heating. Vaporized mercury in the produced gas was then collected in the form 
of gold amalgam on the surface of the mercury collector agent (gold coated chromosorb). 
 
Mercury collector agent is then heated to a very high temperature to liberate the mercury in the form of atomized mercury. This 
free mercury is fed to an absorption cell in the Mercury Detector which measures the quantity of mercury by the cold vapour atomic 
absorption technique. After liberating the mercury, the mercury collector is cooled down to recover its normal function for 
repetitive use. All this processes including the data analysis starts automatically upon sample injection into the instrument. 
3. Results and Discussion 
The analysis of the mercury sampling in process area is studied based on its concentration in gas and liquid form since different 
form of mercury will carry different permissible exposure limit (PEL). Table 3 and Table 4 show the average result of mercury 
analysis at the process stream before and after installation of SIAC inside MRU vessel for both gas and liquid. 
Table 3. Average of mercury concentration in gas form before and after installation of SIAC inside MRU. 
Feed Concentration in gas 
Before (μg/m3) After (μg/m3) 
Ethane Feed 0.024 0.023 
Outlet of MRU N/A 0.007 
CH4 Offgas 0.053 0.022 
H2 Offgas 0.021 0.013 
Cold Box Inlet 0.026 0.009 
Demethanizer Bottom 0.282 0.144 
Deethanizer Top 0.526 0.314 
Main Pipeline 
Gold Sand Trap 
Shut Off 
Metering 
Gas Test 
Vent to 
Atm 
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Table 4. Average of mercury concentration in liquid form before and after installation of SIAC inside MRU 
Feed Concentration in Liquid  
Before (μg/L) After (μg/L) 
Deethanizer Bottom 5.96 2.26 
 
The average value detected at cold box inlet before SIAC installation was 0.026 μg/m3 and this value is above the normal 
specification limit set by most of the cold box manufacturer (which is a main concern due to possibility of LME attack at cold 
box). The allowable limit of mercury that should go into the cold box set by manufacturer must be <0.01 μg/m3. However, after 
SIAC installation, the average value was successfully dropped to average 0.009 μg/m3. The increase of mercury concentration at 
cold box inlet by 28% from outlet of MRU (increase by 0.002 μg/m3 from average MRU outlet 0.007 μg/m3) is expected due to 
accumulation of mercury inside pipeline of this aging plant. 
3.1. Total Mercury Concentration in Gas and Liquid after MRU installation 
Overall level of mercury concentration in gas samples after MRU installation were lower than 5 μg/m3. The highest value is 
only 0.314 μg/m3 recorded at top of Deethanizer column. This level is lower than OSHA Permissible Exposure Limit (PEL) of 25 
μg/m3 set for elemental mercury and 10 μg/L for alkyl mercury. The level detected was consistent throughout the sampling period.  
 
Analysis also shown that mercury concentration in liquid samples was higher than in gas samples. The average mercury 
concentration in liquid after SIAC installation was 2.26 μg/L and it is still lower than PEL as allowed under OSHA. However, this 
is not a main issue for this aging plant which supports the decision to install MRU. The actual issue is triggered during shutdown 
and maintenance activity since huge accumulation will be observed at cold area when equipments are open for inspection.  
 
3.2. Effect of temperature towards mercury removal 
 
Figure 3 shows graph of temperature towards mercury removal at newly installed MRU vessel. The bi-weekly sampling and 
analysis were conducted at inlet and outlet of MRU vessel to see the performance of SIAC from December 2014 to August 2015. 
 
 
 
Fig. 3. Trend of temperature versus outlet of MRU 
 
 The results indicate at higher temperature will cause SIAC to be less efficient in adsorbing mercury. Higher amount of mercury 
concentration detected at the outlet of MRU at higher temperature proves that SIAC is less efficient at high temperature, thus 
cannot effectively capture mercury. Previous study conducted at lab scale [16][30] also proved the same hypothesis on effect of 
temperature towards mercury removal.  
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3.3. Ethane Fluctuation towards mercury removal 
 
It is observed during study period (1st January 2015 – 31st August 2015) that ethane feedstock was fluctuating greatly from 
35,000 kg/hr to 71,000 kg/hr. Feedstock temperature also varies from 20°C - 27°C. Figure 4 shows the trend of fluctuating ethane 
feedstock versus temperature at the studied ethylene plant. (Note: No data on 8th - 17th August 2015 due to plant mini shutdown). 
 
This huge feedstock fluctuation rarely happens in ethylene production plant since most of ethylene plant are equipped with 
EBST to safeguard equipment from fluctuation impact in whole area especially at cold section. However, this aging plant do not 
have EBST and therefore this plant is useful in showing impact of ethane feedstock fluctuation towards mercury removal using 
SIAC at MRU. 
 
 
 
Fig. 4. Trend of ethane feedstock versus temperature 
 
From the graph in Figure 3, when there are sudden fluctuation in the feedstock (the fluctuation date is shown by black color 
column bar), mercury removal will not react solely to the temperature. Its adsorption capacity suddenly decreased when the 
adsorbent experience sudden drop or sudden increase in process stream flow. This also concludes that fluctuating feedstock in 
actual ethylene plant condition will degrade SIAC performance.  
 
The great fluctuation observed on 26th May 2015, 12th December 2014, 24th December 2014, 6th January 2015, 24 February 
2015, 10th March 2015 and 18th August 2015 all resulted in mercury capture by SIAC become less efficient. This is manifested by 
higher amount of mercury concentration collected at outlet of MRU during these dates. 
 
Previous study on SIAC successfully proved that mercury removal at stable gas composition will remove mercury efficiently 
[17]. However, in the case where feedstock of actual large scale plant get fluctuated due to availability of upstream feed, this study 
is beneficial in proving that fluctuation will make SIAC become less efficient. 
 
The degradation in efficiency is happen when constant variation in process parameters interact with SIAC installed. This 
variation degrade SIAC performance as it causes SIAC to work harder to manage variation effect and stabilize the adsorption 
within. However, from analysis conducted in studied plant, SIAC has ability to recover from the fluctuation effect after few days 
by slowly improve the capture rate of mercury to <0.01 μg/m3.  
4. Conclusion 
Installation of SIAC inside newly installed MRU vessel is proven to decrease amount of mercury concentration in plant. 
However, the performance of SIAC is also affected by temperature and fluctuation of ethane feedstock entering MRU.  
Sampling and analysis conducted at plant area concludes that SIAC adsorption capacity will increase upon decrease of ethane 
feedstock temperature. Higher temperature results in SIAC to degrade its efficiency in adsorbing mercury from process stream. 
Besides, huge fluctuation in ethane feedstock also results in mercury being less captured by sorbent when SIAC first triggered 
the fluctuation. It shows that the stable ethane feedstock in ethylene plant not only improves and safeguards equipment in cold area 
alone, but also improves the mercury removal activity from process stream using SIAC. Therefore, it is recommended to this 
studied plant to install EBST upstream of MRU to improve its performance of mercury removal. 
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